Between 1960 and 1995 the black-white difference in male life expectancy in the United States increased from 6.7 years to 8.2 years. To provide insights into why mortality trends have been more adverse for black men than for white men, we investigate which causes of death were principally responsible for changes in the blackwhite difference in male mortality at ages 15-64 between 1960 and 1995. We find that black-white differences in male mortality varied substantially during this period. The gap increased in the 1960s, declined in the 1970s, and widened in the 1980s-early 1990s. Our findings reveal considerable variation in black-white disparities by cause of death and by age, as well as changes in the relative importance of various causes of death to the black-white male mortality disparity over time. The results suggest that consequences of black-white differences in socioeconomic status, access to quality health care, living conditions, and residential segregation vary by cause of death.
Introduction
Despite unprecedented mortality declines during the 20th century, substantial differentials in death rates persist by race and socioeconomic status in the United States (Elo and Preston 1996; Geronimus et al. 1996 ; National Center for Health Statistics (NCHS) 1998; Smelser, Wilson and Mitchell 2001) . Black males have fared particularly poorly in terms of health and longevity relative to other population subgroups. In 1995 black male life expectancy at birth (65.2 years) had not yet reached that of white males in 1960 (67.4 years). Furthermore, the black-white difference in male life expectancy increased from 6.7 years in 1960 to 8.2 years in 1995 (NCHS 1998) . These disparities are an important public health concern and raise serious questions about the impact of societal inequalities. Why have mortality trends been so much more adverse for black men than for white men? We examine this question by focusing on cause-specific mortality trends between 1960 and 1995 and by assessing contributions of specific causes of death to changes in the black-white difference in male mortality at ages 15-64. We also examine contributions of specific causes of death to the black-white male mortality difference in 1960-62 and 1993-95 . Mortality differences at these ages accounted for 58 percent of the black-white gap in male life expectancy in 1960 and 75 percent in 1995.
Differences in all-cause mortality reflect underlying cause-specific disparities between whites and African Americans. The identification of causes of death that have contributed to these differences and to changes in the black-white disparity over time can shed light on underlying factors. Although there have been previous analyses of racial differences in cause-specific mortality and changes in cause-specific mortality over time (Geronimus et al. 1996; Manton, Patrick and Johnson 1987; Potter 1991; Rogers 1992 ), we do not know of any study that has attempted to provide a systematic assessment of black-white differences in male mortality in young adulthood and middle age covering the entire 35-year period. We also know of no studies that have decomposed changes in these differentials according to specific causes of death.
Data and methods

Data
Our analyses focus on white and black men at ages 15-64. We further divide this age range into two groups --ages 15-39 and 40-64 --because the relative importance of specific causes of death varies by age. Intentional and unintentional injuries are more http://www.demographic-research.org 257 important at younger ages while chronic diseases dominate at ages 40-64. We also split the 35-year time period into three intervals, which correspond to changes in the blackwhite difference in male mortality : 1960-67, 1968-83, and 1984-95 . Black-white differences increased in the first and last periods, while they narrowed in the middle period.
We first calculate annual age-specific death rates for all causes combined and for specific causes of death for white and black males between ages 15 and 64 for 1960-95 using vital statistics data on deaths and the U.S. Census Bureau's population estimates from 1960 through 1995 (Centers for Disease Control 2001; U.S. Census Bureau 1974) . Yearly population estimates were adjusted for census undercount because of large racial differences in census omission rates (Preston et al. 1998; Robinson et al. 1993; U.S. Census Bureau 1988) . For intercensal years, we interpolated undercount estimates by race and age; 1990 estimates are used for 1990-95. These corrections make larger adjustments to the number of African American males than white males because the former are much more likely to be missed in decennial population censuses. Death rates for the two 25-year age intervals were age-standardized using the 2000 U.S. population as a standard (Anderson and Rosenberg 1998) .
The Centers for Disease Control provided mortality data for 1960-67 and data for 1968-95 were extracted from the publicly available Mortality Detail Files and Multiple Cause of Death Files (1992-95) produced by the National Center for Health Statistics (NCHS). Deaths were coded using the Seventh -67), Eighth (1968 -78), and Ninth Revisions (1979 of the International Classification of Diseases (ICD). Although we investigated 23 specific causes at younger ages and 33 causes at older ages, we focus our presentation on the following causes: infections, pneumonia, and influenza; cancer, with cancer deaths further divided into lung cancer and all other cancers combined at ages 40-64; diabetes; stroke; circulatory diseases (except stroke); cirrhosis of the liver; homicide; suicide; all other intentional and unintentional injuries; and all other causes combined. For the period 1984-95, we also separate deaths due to human immunodeficiency virus (HIV) infection. ICD numbers for each cause group are shown in Appendix Table A1 .
Two additional issues concerning the cause of death classification warrant mention. First, during the 1980s, HIV infection emerged as a major public health threat whereby, within a short period of time, HIV/AIDS became one of the leading causes of death for certain age groups and contributed substantially to mortality differences by race (Kochanek, Maurer and Rosenberg 1994) . For 1984-86, most HIV-related deaths were assigned to the category of "deficiency of cell-mediated immunity" (ICD No. 279.1) (NCHS 1986). We use ICD No. 279.1 to identify AIDS deaths in 1984-86 and NCHS special codes *042-*044 to identify them from 1987 -95 (NCHS 1989 ). An inspection of age-standardized death rates by cause in 1983-86 suggest that some of the http://www.demographic-research.org AIDS deaths may have been included under the category "other infectious and parasitic diseases" prior to 1987 (which includes all infectious and parasitic diseases). Thus, we have more confidence in the reporting of HIV-related deaths beginning in 1987.
Second, our classification of causes of death is based on the underlying cause concept, defined by the World Health Organization as "(a) the disease or injury which initiated the train of morbid events leading directly to death, or (b) the circumstances of the accident or violence which produced the fatal injury." It represents the cause of death reported on the death certificate that is thought to be the most relevant for public health (Rosenberg 1999) . We do not make use of multiple cause of death data in these analyses and therefore may underestimate the overall contribution of various causes of death to racial difference in male mortality (Israel, Rosenberg and Curtin 1986; Manton, Patrick and Johnson 1987) . Information on underlying cause of death is less problematic for younger individuals than for the elderly. Limiting our analyses to ages 15-64 minimizes these problems.
Methods
We computed two cause-specific measures that decompose the black-white mortality difference by cause of death. We focus on the absolute difference in death rates rather than the ratio of the rates because absolute differences translate directly into differences in life expectancy. This approach permits us to examine the contributions of various causes of death to the black-white mortality difference at a point in time and trends in these differences over time, as well as avoiding the instability in ratios of death rates based on small numbers of deaths.
The proportionate contribution of each cause to the overall difference in male mortality at the beginning (1960-62) and end (1993-95) of the study period for each age group is obtained by dividing the black-white difference in each cause-specific rate by the black-white difference in the all-cause death rate:
where 25 ASDR B x,i and 25 ASDR B x represent age-standardized black male death rates for cause i and for all causes combined at ages x to x+25 respectively, and 25 ASDR W x,i and 25 ASDR W x represent the corresponding age-standardized white male death rates. The proportionate contributions by cause of death (p i ) sum to one.
We use linear regression to estimate the proportionate contribution of each cause of death to changes in the black-white mortality difference over time (Gragnolati, Elo and Goldman 1999; Preston 1976) . The cause-specific black-white difference in male http://www.demographic-research.org 259 mortality is modeled as a linear function of the overall black-white difference in mortality for each cause of death group, as follows:
where 25 ASDR B x,i,t , 25 ASDR W x,i,t , 25 ASDR B x,t , and 25 ASDR W x,t are defined as in the previous equation, except that all measures in equation (2) refer to year t. For each age group, the sum of the b i coefficients across all causes equals one. Thus, b i can be interpreted as the proportionate change in the black-white difference in the overall death rate that is attributable to a change in the black-white difference in the death rate for cause i. The regression model is estimated for three time periods : 1960-67, 1968-83, and 1984-95 . To eliminate bias in our estimates due to changes in the classification of deaths to "symptoms and ill-defined conditions," we included the black-white difference for these causes as an independent variable in all regressions (Gragnolati, Elo and Goldman 1999; Preston 1976 ).
Results
Trends in all-cause mortality
Figures 1 and 2 present all-cause mortality trends by age and race. Although black death rates exceeded white rates throughout the period, the black-white differences in male mortality were not uniform. They widened during the 1960s, peaking in the late 1960s-early 1970s. The differences subsequently declined and reached their lowest point in the early 1980s, but increased thereafter. http://www.demographic-research.org Death rates for black males at ages 15-39, in particular, exhibit considerable variation over time, and black-white differences at these ages were largely driven by more pronounced fluctuations in black than white age-standardized death rates. Black male mortality increased sharply from 1960 to the early 1970s. It fell thereafter until the early 1980s when it was below its 1960 value. This favorable trend reversed in the 1980s when black male mortality began to rise again. In contrast, age-standardized death rates for white males showed much less variation over time, although they too increased from 1960 to the early 1970s, declined between early 1970s and early 1980s, and increased thereafter. In 1993-95, male mortality at ages 15-39 was 12 percent higher for blacks and 4 percent higher for whites than it had been in 1960-62 (Table 1) . The percentage contribution of specific causes of death to the black-white difference in age-standardized death rates from all causes combined. Percentage contributions may not add to 100.00 due to rounding. 2 Accidents and injuries refer to all other intentional and unintentional injuries, other than homicide and suicide.
Mortality trends at ages 40-64 displayed both similarities and differences with those at younger ages. During the 1960s, white and black age-standardized death rates at ages 40-64 fluctuated within a relatively small range, although the trend was more favorable for whites than blacks, resulting in the widening of the black-white mortality difference. Subsequently, death rates for whites declined steadily until 1995. In contrast, the black death rate fell only until the mid-1980s when its fall stagnated ( Figure 2 ). Between 1960-62 and 1993-95 male mortality at ages 40-64 declined by 37 percent for whites and by 21 percent for blacks (Table 2) . http://www.demographic-research.org The percentage contribution of specific causes of death to the black-white difference in age-standardized death rates from all causes combined. Percentage contributions may not add to 100.00 due to rounding. 2 Accidents and injuries refer to all other intentional and unintentional injuries, other than homicide and suicide.
Cause-specific contributions to black-white differences in male mortality
Age-standardized death rates of black men exceeded those of white men for most cause of death groups examined, and the contribution of various causes of death to the blackwhite disparity in all-cause mortality varied by age and over time. Tables 1 and 2 present age-standardized death rates by age, race, and cause for 1960-62 and 1993-95. Figures 3 and 5 summarize cause-specific contributions to the black-white difference in overall mortality for these two time points. Table 3 displays the percentage contributions of various cause of death groups to the change in the black-white difference in all-cause mortality over time, and Figures 4 and 6 graph the information presented in Table 3 .
Ages 15-39
Intentional and unintentional injuries, which are leading causes of death at ages 15-39, made the largest contributions to the black-white inequality in male mortality in adolescence and young adulthood. Among these causes, deaths from homicide were the most important, accounting for 35 percent of the overall black-white difference in 1960-62 and 47 percent in 1993-95 (Table 1 and Figure 3 ). As seen in Table 3 and Figure 4 , trends in homicide mortality were also a key determinant of changes in the black-white difference in all-cause mortality over time. Homicide made the largest contribution to the increase in the black-white gap in the 1960s, a substantial contribution to its narrowing between 1968 and 1983, and it, together with HIV/AIDS, was largely responsible for the widening of the black-white mortality difference between 1984 and 1995. In 1993-95, the age-standardized death rate from homicide was higher for both blacks and whites than it had been in 1960-62, with the absolute increase being almost five times greater for blacks than whites (Table  1) .
Deaths from intentional and unintentional injuries, other than homicide and suicide, made smaller contributions to the black-white difference in 1960-62 and 1993-95. These causes also played a less important role in explaining fluctuations in the black-white inequality over time, except in the period 1968-83 when they made the largest contribution to the narrowing of the black-white difference. By 1993-95, these causes explained only 0.8 percent of the black-white difference in all-cause mortality. In contrast to all other cause of death groups examined, suicide is the only cause from which death rates were higher for whites than for blacks at ages 15-39 both in 1960-62 and 1993-95. However, deaths from suicide made relatively small contributions to the overall black-white difference in all-cause mortality and to changes in this difference over time (Tables 1 and 3 
; Figures 3 and 4).
Note: Cause-specific contributions are shown in the order indicated by the legend. Estimates for HIV/AIDS are only for the period 1993-1995.
Figure 3: Percent Contribution of Selected Causes to Black-White Difference in
Male Mortality, Ages 15-39, 1960-62 and 1993-95 During the 1980s and early 1990s, death rates from HIV/AIDS rose rapidly and this increase was more pronounced for black men than for white men. By 1993-95, the age-standardized black male death rate from HIV/AIDS at ages 15-39 was three times as high as the rate for white males, and HIV/AIDS alone accounted for 30 percent of the black-white difference in all-cause mortality at these ages (Table 1 and Figure 3) . HIV/AIDS also made the largest contribution to the widening of the black-white difference in all-cause mortality among young men between 1984 and 1995 (Table 3 and Figure 4 ).
Note: Cause-specific contributions are shown in the order indicated by the legend. Estimates for HIV/AIDS are only for the period 1984-1995.
Figure 4:
Cause-specific Contributions to Change in Black-White Difference in Male Mortality, Ages 15-39, 1960-95 Mortality trends from infections, pneumonia, and influenza, on the other hand, favored the narrowing of the black-white mortality difference between 1960 and 1995. In 1960-62, these causes accounted for 11 percent of the black-white difference in male mortality in adolescence and young adulthood, but by 1993-95 their contribution had declined to 4 percent. Overall mortality trends from such chronic diseases as cancer, diabetes, stroke, and other circulatory diseases also led to the narrowing of the blackwhite difference in male mortality between 1960 and 1995, despite their contribution to an increase in this difference in the 1960s. These causes explained 23 percent of the black-white difference in all-cause mortality at ages 15-39 in 1960-62 but only 11 percent in 1993-95. Nevertheless, despite this decline black male death rates from these causes were more than twice as high as white male rates in 1993-95, except from cancer. A similar pattern is found for cirrhosis of the liver, whose contribution to the black-white difference in all-cause mortality declined from 3.7 percent in 1960-62 to 0.4 percent in 1993-95 (Table 1) .
Ages 40-64
Not surprisingly, at ages 40-64 chronic diseases made a much larger contribution to the black-white difference in male mortality than was the case at younger ages. Cancer, diabetes, stroke, and other circulatory diseases accounted for 55 percent of the blackwhite difference in all-cause mortality at ages 40-64 both in 1960-62 and 1993-95. The relative importance of these causes, however, changed over time. The decline in the black-white difference in stroke mortality is particularly notable. Stroke accounted for 23 percent of the overall difference in 1960-62 but only 7 percent in 1993-95. In contrast, the contribution of death rates from other cardiovascular diseases to the blackwhite difference increased from 19 percent in 1960-62 to 25 percent in 1993-95 even though death rates from these causes declined for both black and white men. The increased contribution of these causes to the black-white difference in all-cause mortality reflects a more rapid mortality decline for whites than for blacks, particularly after 1983. Only in the period 1968-83 did mortality from these causes decline more rapidly for blacks than for whites, a trend that led to the narrowing of the black-white difference in all-cause mortality during this period (Table 3 and Figure 6 ). http://www.demographic-research.org Note: Cause-specific contributions are shown in the order indicated by the legend. Estimates for HIV/AIDS are only for the period 1993-1995.
Figure 5: Percent Contribution of Selected Causes to Black-White Difference in
Male Mortality, Ages 40-64, 1960-62 and 1993-95 Cancer mortality trends were also more adverse for black men than for white men. In particular, increasing death rates from lung cancer between 1960 and the early 1980s were more rapid for blacks than for whites and led to a widening of the black-white difference in all-cause mortality between 1960 and 1983. Thereafter, the trend reversed as lung cancer mortality began to decline more rapidly for blacks than for whites, although the age-standardized black male death rate from lung cancer remained 60 percent above the white male rate in 1993-95. The black-white difference in mortality from all other cancers combined exhibited much less variation over time and made relatively small contributions to the change in the black-white difference in all-cause mortality. Mortality from cancers, other than lung cancer, accounted for 10 percent of the black-white inequality in all-cause mortality in 1960-62 and 12 percent in 1993-95 (Table 2) . Similarly, mortality from diabetes and cirrhosis of the liver explained only a small fraction of the black-white difference in all-cause mortality or changes in this difference over time (Tables 2 and 3 ; Figures 5 and 6 ). 
Figure 6:
Cause-specific Contributions to Change in Black-White Difference in Male Mortality, Ages 40-64, 1960-95 As expected, intentional and unintentional injuries were less important at older ages than at younger ages. Homicide and other intentional and unintentional injuries accounted for 14 percent of the black-white difference in all-cause mortality in 1960-62 and 10 percent in 1993-95. As was the case at younger ages, death rates from suicide were also higher for whites than for blacks at ages 40-64 both in 1960-62 and 1993-95, although the black-white difference was smaller in the 1990s than it had been in the 1960s (Table 2) . Finally, the impact of HIV/AIDS is also evident at older ages. The steep rise in HIV/AIDS mortality in the 1980s was more pronounced for black men than for white men at ages 40-64, just as it had been at younger ages. As a result, HIV/AIDS mortality made a substantial contribution to the increase in the black-white difference in all-cause mortality. It accounted for 25 percent of the increase in the mortality disparity between 1984 and 1995, and in 1993-95 HIV/AIDS explained 16 percent of the blackwhite inequality in all-cause mortality among men at ages 40-64 (Tables 2 and 3 ; Figures 5 and 6 ). 
Discussion
Our findings reveal persistently higher death rates for black men than for white men for all cause of death groups examined, except for suicide. These inequalities are rooted in black-white differences in daily living experiences and economic and social conditions, including disparities in socioeconomic status (SES), residential environments, access to health care, quality of that care, as well as other consequences of racism that have led to differential access to societal resources for whites and African Americans (Williams and Collins 1995; Williams 2001) . Our findings also reveal considerable variation in black-white disparities by cause of death and by age, as well as changes in the relative importance of various causes to the black-white male mortality difference over time. These results suggest that the consequences of black-white differences in SES, living conditions, access to health care, and residential segregation vary by cause of death. In previous studies, black-white differences in SES have explained more of the blackwhite difference in mortality from accidents, violence, and lung cancer than other forms of cancer, cardiovascular diseases, or infectious diseases (Kallan 1997; Richardus and Kunst 2001; Rogers, Hummer and Nam 2000) .
The increase in black-white differences in male mortality between 1984 and 1995 represents an unfortunate reversal of the decline in these disparities that occurred between 1968 and 1983. The more adverse mortality trends for black men than for white men resulted not only in an increase in the black-white mortality disparity, but they also led to a decline in black male life expectancy in the mid-1980s (Kochanek, Maurer and Rosenberg 1994) . Such a decline is highly unusual in a developed country at the end of the 20 th century.
Mortality trends from HIV/AIDS and homicide were largely responsible for the increase in all-cause black male mortality at ages 15-39 and for the rise in the blackwhite disparity between 1984 and 1995. These causes explained 78 percent of the black-white difference in male mortality at ages 15-39 by 1993-95. Residential segregation and concentrated urban poverty place black Americans at a greater risk of death from both causes (Geronimus et al. 1996; Massey 1995; Peterson and Krivo 1993) . In addition, African Americans are less likely than whites to receive the most advanced treatment for HIV/AIDS, thus lowering their chances of survival (Smedley, Stith and Nelson 2002) . Although age-standardized death rates from HIV/AIDS began to level off in the mid-1990s, with the first declines in death rates documented for 1996, these declines have been less pronounced for blacks than for whites (Felming et al. 2000) . The key to reducing the disproportionate burden of HIV/AIDS-related mortality experienced by black men will require improved access to effective treatment, widespread testing, and more effective prevention strategies (Levi and Kates 2000) . http://www.demographic-research.org Although chronic diseases also contribute to the black-white mortality difference at younger ages, their contribution is more pronounced at ages 40-64. In this context, several of our findings are of interest. Trends in death rates from stroke have made a substantial contribution to the narrowing of the black-white mortality difference between 1960 and 1995, despite the fact that black death rates (67.3 per 100,000) were still three times as high as white rates (20.6 per 100,000) in 1993-95. Widespread screening and pharmacologic treatment for hypertension may have contributed to the rapid decline in stroke mortality among black men (Cooper et al. 1981) .
In contrast, mortality trends from circulatory diseases (other than stroke) have been less favorable. Circulatory diseases were leading causes of death at ages 40-64 in 1960-62 and 1993-95 for both black and white men, with black death rates exceeding white rates throughout the 1960-95 period. Lower death rates from coronary heart disease for blacks than whites documented elsewhere are not evident at ages 40-64 at any time between 1960 and 1995 (Liao and Cooper 1995) . Although circulatory disease mortality declined more rapidly among blacks than whites from the late 1960s to the mid to late-1970s, the overall trend between 1960 and 1995 has been less encouraging for African Americans than whites. Between 1960-62 and 1993-95, the agestandardized death rate from circulatory diseases declined by 58 percent for white men but by only 40 percent for black men. Trends in circulatory disease mortality will play an important role in determining the magnitude of racial mortality disparities at older ages in the future. Causes of excess circulatory disease mortality among black men are multifaceted and have been attributed to racial differences in socioeconomic status, living conditions, and differential treatment of heart disease (Ford and Cooper 1995; Hayward et al. 2000; Oddone, Peterson and Weinberger 2001; Rogers 1992 ; Schulman et al. 1999) .
Until the 1980s, trends in lung cancer mortality contributed to the widening of the black-white difference in male mortality, though the most recent period showed a reversal of this pattern. The more favorable trends in lung cancer mortality for whites are also evident in Table 2 . Between 1960-62 and 1993-95 , lung cancer death rates increased by 68 percent for black men at ages 40-64 but by only 14 percent for white men. Death rates from all other cancers combined were nearly the same in 1960-62 and 1993-95 for blacks but declined slightly for whites (13 percent for whites). Higher cancer mortality among blacks than whites has been linked to both higher incidence and lower survival rates (NCHS 1994; Ragland, Selvin and Merrill 1991) .
The progress made in reducing black-white differences in male mortality between 1968 and 1983 is notable. During this period, mortality trends for most causes were more favorable for black men than for white men. The 1980s thus represented an abrupt halt to the progress made in the 1970s. This turnaround coincided with the economic downturn in the early 1980s, an increase in concentrated poverty among http://www.demographic-research.org 271 blacks in metropolitan areas, a rise in the use and sale of crack cocaine, increasing inequality, and widening of socioeconomic differentials in mortality among men (Danziger and Gottschalk 1995; Massing 1998; McLoyd and Lozoff 2001; Pappas et al. 1993) . Further reductions in black-white differences in male mortality will require effective public policies that address not only equal access to quality health care but also more fundamental causes of poor health (Geronimus 2000; Jackson et al. 2000; Lantz et al. 1998 ).
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